Severe acute respiratory syndrome (SARS) is an emerging infectious disease. After the appearance of an index patient in Hong Kong in February 2003, SARS outbreaks occurred rapidly in hospitals and spread to the community. The aim of this retrospective study is to evaluate the effectiveness of a triage policy and risk-stratified infection control measures in preventing nosocomial SARS infection among paediatric healthcare workers (HCWs) at the Prince of Wales Hospital, a general hospital to which children with SARS are referred in Hong Kong. The acute paediatric wards were stratified into three areas: (1) ultra high-risk area, (2) high-risk area and (3) moderate-risk area according to different risk levels of nosocomial SARS transmission. The implementation of different levels of infection control precautions was guided by this risk stratification strategy. Between 13 March and 23 June, 38 patients with probable and suspected SARS, 90 patients with non-SARS pneumonia, and 510 patients without pneumonia were admitted into our unit. All probable SARS cases were isolated in negative-pressure rooms. Twenty-six HCWs worked in the ultra high-risk area caring for SARS patients and 88 HCWs managed non-SARS patients in other ward areas. None of the HCWs developed clinical features suggestive of SARS. In addition, there was no nosocomial spread of SARS-associated coronavirus to other patients or visitors during this period. In conclusion, stringent infection control precautions, appropriate triage and prompt isolation of potential SARS patients may have contributed to a lack of nosocomial spread and HCW acquisition of SARS in our unit.
Summary Severe acute respiratory syndrome (SARS) is an emerging infectious disease. After the appearance of an index patient in Hong Kong in February 2003, SARS outbreaks occurred rapidly in hospitals and spread to the community. The aim of this retrospective study is to evaluate the effectiveness of a triage policy and risk-stratified infection control measures in preventing nosocomial SARS infection among paediatric healthcare workers (HCWs) at the Prince of Wales Hospital, a general hospital to which children with SARS are referred in Hong Kong. The acute paediatric wards were stratified into three areas: (1) ultra high-risk area, (2) high-risk area and (3) moderate-risk area according to different risk levels of nosocomial SARS transmission. The implementation of different levels of infection control precautions was guided by this risk stratification strategy. Between 13 March and 23 June, 38 patients with probable and suspected SARS, 90 patients with non-SARS pneumonia, and 510 patients without pneumonia were admitted into our unit. All probable SARS cases were isolated in negative-pressure rooms. Twenty-six HCWs worked in the ultra high-risk area caring for SARS patients and 88 HCWs managed non-SARS patients in other ward areas. None of the HCWs developed clinical features suggestive of SARS. In addition, there was no nosocomial spread of SARS-associated coronavirus to other patients or visitors during this period. In conclusion, stringent infection control precautions, appropriate triage and prompt isolation of potential SARS patients may have contributed to a lack of nosocomial spread and HCW acquisition of SARS in our unit. Q 2003 The Hospital Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction
Severe acute respiratory syndrome (SARS) is a serious respiratory infection that has been recently reported in Asia, North America, and Europe. Hong Kong is one of the most severely affected cities. At the time of writing, 1755 people have been reported to have SARS and 298 of them died from the disease within a three-month period. In a review of the first 1425 cases, the estimated case fatality rate was 13% for patients younger than 60 and 43% for patients aged 60 or older. 1 Droplet and contact spread through close personal contact is believed to be the main route of transmission. 2 Healthcare workers (HCWs) are particularly at risk of being infected. In SARS hospital outbreaks encountered so far, a significant number of HCWs were affected. All had looked after patients with SARS or had direct contact with their body fluids such as respiratory secretions, urine and stool. Stringent infection control measures and a sophisticated triage policy were required to minimize the nosocomial spread of infection between patients and HCWs. The general guidelines issued by the Hospital Authority of Hong Kong on the management of patients who require hospitalization ('SARS precaution in hospitals-infection control and risk management approach'; available at: http://www. ha.org.hk/hesd/nsapi) may not be applicable for the paediatric population. 3 The Department of Paediatrics at the Prince of Wales Hospital (PWH) is the tertiary referral centre for probable or suspected SARS patients in the New Territories East region of Hong Kong. This article summarizes the details of the infection control measures and triage policy in preventing cross-infection of SARS among HCWs of the paediatrics department during the recent major outbreak of SARS in Hong Kong. The information may be useful for other paediatric units in formulating their own infection control plans to prevent the spread of SARS-associated coronavirus in the hospital setting.
Subjects and methods

Floor plan of paediatric wards
The PWH is a regional referral centre serving a population of 1.1 million. It is not an infectious disease hospital and isolation facilities are limited. In total, 86 paediatric beds are distributed among three acute admission wards. Since the SARS outbreak, all emergency paediatric admissions were classified according to different levels of risk stratification (see below).
Risk stratification for paediatric wards
SARS was diagnosed according to the World Health Organization (WHO) surveillance case definitions (Table I) . 4 Our hospital has defined three levels of risk stratification for acute admission wards: (1) ultra high-risk (UHR), (2) high-risk (HR) and (3) moderate-risk (MR) areas. The UHR areas include the SARS isolation ward (UHR-S) for admitting probable or suspected SARS patients, and the infection triage ward (UHR-I) for admitting all other febrile patients. The floor plans of these UHR wards are illustrated in Figure 1 . The acute paediatric admission ward for non-febrile patients was classified as a HR area. The paediatric outpatient clinic was designated as an MR area.
Departmental triage policy
The attending paediatricians would assess all sick children and adolescents in the accident and emergency department to decide whether they require hospitalization. The triage policy for paediatric patients is summarized in Figure 2 . All patients with pneumonic changes on chest radiographs were admitted either to UHR-S area (with SARS contact) or UHR-I area (without SARS contact). Non-febrile patients were admitted to UHR-S area if they had prior SARS contact. Otherwise, these patients were admitted to the HR area. Before any patient could be admitted to the hospital ward, the relevant history of recent travel and of possible contact with SARS or other forms of acute respiratory illnesses was further checked by the admitting nurse using a specially designed checklist for SARS (Box I).
General infection control precautions in paediatric wards
The infection control measures were targeted at preventing droplet and close contact transmission. 2 The use of N95 respirators was adopted due to the possibility of aerosol transmission. The use of personal protective equipment (PPE) according to different levels of risk stratification is summarized in Table II . Designated places in the paediatric wards were provided for putting on and removing PPE. Two separate stations, one for dressing and the other for removal of PPE, were set up to prevent cross-contamination of protective gear ( Figure 1 ). Routine thorough cleaning and disinfection of the floor, tables, computers and medical equipment in all wards were carried out at least three times per day using sodium hypochlorite solution at 1000 ppm. Each HCW was required to attend an infection control session, organized daily by the hospital infection control team, to remind them of proper infection control precautions to prevent nosocomial transmission of SARS-associated coronavirus.
Infection control measures in UHR area
All patients with probable SARS were admitted into isolation rooms operated under negative-pressure Figure 1 (a)]. In order to minimize the risk of cross-infection, four medical staff (the paediatric SARS team) were assigned to work in the UHR-S area. On entering the UHR area, the following seven steps were required to be followed strictly in sequence: handwashing, putting on N95 respirator, putting on goggles or visor, putting on cap, putting on gown, using an alcoholic handrub and then putting on gloves. HCWs had to follow another seven steps in the given order: removing gloves, handwashing, removing cap, removing goggles or visor, removing gown, removing N95 respirator, and using an alcoholic handrub, before leaving the area. Surgical masks had to be worn outside the UHR area. A 'police nurse' was present at the entrance to ensure that the above steps were strictly followed. 5 All patients in the UHR area were required to wear surgical masks at all times. Staff members were also requested to leave personal items such as rings, necklaces, watches, as well as stethoscopes, outside the UHR area. Essential items such as hospital pagers were placed in plastic bags and clipped on to the protective clothing to avoid contamination in the ward. All ward equipment, such as computer keyboards and telephones, was protected with plastic wrap that was disinfected every 2 h and the wrap was changed daily. 6 The treatment room of each ward was designated for carrying out these procedures, and stringent infection control precautions identical to those implemented in the UHR area were adopted. Staff members were requested to discard the N95 respirators, gowns, gloves and caps after these procedures. All used equipment was either discarded (e.g. suction catheters, endotracheal tubes) or disinfected with hypochlorite solution at 1000 ppm for 15 min (e.g. torches, laryngoscopes, stethoscopes). Aerosol-generating treatment procedures including the use of nebulizer or any form of non-invasive positive-pressure ventilation were not allowed to be used in the open ward. 6
Disposal of potentially infected materials and handling of specimens
Patients with probable and suspected SARS were provided with urinals and bedpans. Urine and stools were carefully poured into the hospital sewage disposal system [ Figure 1(a) ]. Patients or HCWs handling the sewage had to wear visors during the procedure, and the flushers were disinfected immediately with sodium hypochlorite at 1000 ppm. Urinals and bedpans were also either disinfected at 80 8C or by immersing in sodium hypochlorite solution at 1000 ppm for at least 15 min. The designated 'toilet and bathing' area for staff in UHR-S ward was disinfected three times daily with sodium hypochlorite at 1000 ppm. The handling of blood and other specimens collected from SARS patients followed the existing policy for 
Visitor control in paediatric wards
The Hospital Authority restricted parent visits in all paediatric wards of acute hospitals following the onset of SARS outbreak in order to reduce the risk of cross-infection between family members ('SARS precaution in hospitals -infection control and risk management approach'; available at http://www. ha.org.hk/hesd/nsapi). However, this policy increases psychological stress on most infants and young children hospitalized for non-SARS illnesses. At PWH, visitors were not allowed to visit paediatric SARS patients in UHR-S area. Instead, doctors-incharge would phone the parents daily to provide an update on the patients' conditions. However, either the father or the mother was allowed to visit on compassionate grounds for 2 h daily for patients in UHR-I, HR and MR areas. Visitors had to register on arrival at the wards in case future contact tracing was necessary. They were also required to follow the dress codes and put on PPE appropriate for the areas.
Infection control precautions for HCWs at home
At the end of each shift in the UHR area, HCWs were advised to shower in designated areas in the hospital or immediately when they returned home. They were also advised to follow a guideline for SARS precautions at home such as wearing surgical masks at home, frequent handwashing with liquid soap and avoiding sharing towels, food and utensils with other family members. Staff members were also instructed to disinfect floor, furniture, bathtubs and toilets of their homes at least daily with sodium hypochlorite. Those who developed fever and upper respiratory illnesses were required to report to the departmental infection control officer (PCN) and seek medical consultation to exclude SARS. They were granted sick leave until symptoms subsided.
Discharge plan for paediatric SARS
All patients with probable or suspected SARS were hospitalized for 21 days. Upon discharge from the hospital, these children and their parents were given an information sheet detailing the precautions that they should take at home. In particular, they were reminded that their body secretions and excretions might still contain the virus at the time of discharge. 7 These children were therefore required to limit their social interactions in the public areas (i.e. not to return to school or nursery or go to public places such as cinema or restaurant) for at least 10 days after discharge. This quarantine period, as recommended by the Hospital Authority, was under constant review. These SARS patients would be considered non-infectious at five weeks from the illness onset and after three negative stool samples taken between the third and fourth weeks were negative for SARS-associated coronavirus.
Results
The first paediatric SARS patient was admitted on 13 March. From this date until 23 June, nine patients with probable SARS and 29 patients with suspected SARS were admitted into the UHR-S area. The mean and standard deviation (SD) age for these two groups were 8.9 (6.2) years and 7.4 (5.4) years, respectively. The clinical and laboratory characteristics of probable SARS patients are summarized in Table III . Another 88 febrile children and adolescents with pneumonia but no SARS contact, with a mean (SD) age of 8.2 (5.3) years, were admitted into the isolation cubicle of the UHR-I area. Two hundred and twenty-seven patients with febrile illnesses but normal chest radiographs, at a mean (SD) age of 4.9 (5.1) years, were managed in an open cubicle in the UHR-I area. In addition, 274 nonfebrile patients aged 7.5 (6.0) years were admitted into the HR area. Eleven non-febrile patients initially admitted to the HR area were subsequently transferred (two for fever and pneumonia and nine for febrile non-respiratory illnesses) to the UHR-I area during their inpatient stay. During this three-month period, four doctors were assigned to manage patients in the UHR-S area, and 19 were responsible for patients in the other areas. Among the other staff, there were 17 nurses, one ward clerk and four healthcare assistants in the UHR-S ward; 16 nurses, one ward clerk and three healthcare assistants in the UHR-I ward and 18 nurses, one ward clerk and six healthcare assistants in the HR area. Also during the SARS outbreak at PWH, the paediatric surgical and orthopaedic wards were closed in order to redeploy HCWs to the SARS wards of the hospital. As from 9 April, all patients in these wards were moved to the paediatric HR area. With this arrangement, 24 medical staff from various paediatric surgical subspecialties also worked in the paediatric HR area.
A total of 26 HCWs were in close contact 4 with patients with probable or suspected SARS in the UHR-S area and 88 medical and para-medical staff had contact with patients in the other areas. None of the medical and para-medical staff in this department developed symptoms or signs suggestive of clinical SARS infection. No patient or visitor acquired SARS during their hospitalization, or during their visit to the paediatric wards.
Discussion
SARS-associated coronavirus is highly contagious, and one index patient was responsible for infecting 138 HCWs and their relatives during the hospital outbreak in Hong Kong. 8 Being a general hospital not designed for patients with infectious diseases, we tried to implement management guidelines and infection control measures appropriate to the environment in order to minimize cross-infection among HCWs. This article describes the implementation of an effective triage policy and infection control measures in the paediatric department since the outbreak. With prompt and proper control measures, none of the paediatric HCWs was affected over the three months up to the time of writing. We suggest that our strategy can be used as a model for other paediatric units. This information could help to formulate infection control policies against nosocomial SARS infection.
Our results suggest that the combined efforts of proper patient triage, as well as stringent infection control and isolation in a hospital setting, could prevent SARS infection in HCWs. Hong Kong has recently experienced two major SARS outbreaksone in the adult medical wards of PWH and the other in a community complex, Amoy Gardens. 7 -9 The common crucial factor contributing to these outbreaks is that the index cases were not identified and isolated at an early stage. In addition, the workload in the medical wards is heavy and bed occupancy frequently exceeds recommended limits. The wards were overwhelmed by acute admission of over 100 SARS patients in one week. Further, HCWs had limited understanding about the mode of transmission of this new disease in the early stages of the outbreak. The combination of these risk factors perpetuated cross-infection among patients and HCWs in the first week of the outbreak. In contrast, the paediatric wards were relatively less crowded and with fewer SARS admissions. Besides, the paediatric wards have already implemented stringent infection control precautions by the time the first child with SARS was admitted. These infection control measures were adapted from the adult intensive care unit of PWH, which has also prevented nosocomial SARS among HCWs. 5 Our results suggest that our preventive strategies are effective against the spread of SARS. Young children and adults with SARS may have different clinical presentations during the early phase of the disease. 8, 10 In Hong Kong, where SARS has spread to the community, a definitive contact history could not be elicited in approximately 10% of adult SARS patients (personal communication, Dr David Hui, Department of Medicine and Therapeutics, PWH). Hence, an effective triage model for hospitalization has to be implemented. The presence of fever (. 38 8C) and symptoms of respiratory tract infection including cough and shortness of breath are currently the most important criteria for suspecting SARS in the emergency department. 3, 11 Our recent report suggests that fever was present in all 10 children with SARS. 10 However, our medical colleagues found that some adult SARS patients developed fever only two weeks after the initial contact exposure, and a small number of them did not even have fever on hospital admission. 8 Rainer and colleagues 11 also suggested that the absence of chest symptoms could not be reliably used to screen out SARS cases. A number of episodes have occurred where elderly SARS patients were initially admitted to surgical wards (i.e. MR area) for unrelated problems. The diagnosis of SARS was delayed for several days and cross-infection among HCWs had already occurred when the symptoms became more apparent. Thus, the prevailing triage system proposed by the Hospital Authority ('SARS precaution in hospitals-infection control and risk management approach'; available at: http://www.ha.org.hk/ hesd/nsapi) is associated with significant pitfalls. 3 One factor for the apparent success of our preventive strategies may be related to the observation that infected children present with more typical SARS symptoms. Thus, febrile children with SARS could be triaged to the UHR area in which a very high level of infection control measures was implemented.
Our experience with children and adolescents with SARS in Hong Kong suggests that younger patients have a milder and shorter clinical course, whereas teenagers present with more severe disease similar to that of adults. 7 -10 The milder clinical course in young SARS patients may be due to less pronounced inflammatory responses to SARSassociated coronavirus that result in less severe lung damage. Children with SARS may also shed a lower viral load when compared with adults. The fact that SARS-associated coronavirus could be isolated in only two of our nine children with probable SARS supports this hypothesis. Thus far, there has not been any reports of a school outbreak in the community. Hence, children with SARS may not be as infectious as adults. Our results suggest that personal respirators (disposable hoods with breathing filters) may not be required when caring for children with SARS. Future studies are necessary to delineate the immunological responses to SARS and conduct virological surveillance in children and adults to try to answer these questions.
In summary, an appropriate triage system and prompt isolation of potential SARS patients along with stringent infection control precautions appear to be useful in preventing the cross-infection of SARS-associated coronavirus.
